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Introduction
Emerging evidence supports a vital role of the endogenous immune response system in the recognition, control and elimination of malignant cells. In the early phases of cancer development, molecular alterations caused by the tumour trigger the development of tumour-associated antigens (TAAs), which are initially recognised by the immune system. During tumour evolution, accumulation of genetic mutations or specific selection of tumour cells that escape immune response lead to immune evasion or disruption. The delicate equilibrium between co-stimulatory and co-inhibitory signals, which normally regulates immune response and prevents autoimmunity, is deranged by the cancer cell to escape immune surveillance (1) (2) .
Among co-inhibitory signals, immune checkpoints represent immunological breaks that repress activating effects in order to avoid unchecked self-destruction of normal tissues (3) . Cytotoxic T lymphocyte Antigen 4 (CTLA-4) and Programmed Cell Death protein 1 (PD-1) are the two main inhibitory checkpoint pathways involved. CTLA-4 exerts its effects when it is expressed on the surface of CD4+ and CD8+ lymphocytes. It blocks T cell activation by competing co-stimulatory receptor CD28 for its B7 ligands, CD80 and CD86, which are present on antigen-presenting cells (APCs) (4) . Blockade of CTLA-4 using CTLA-4 monoclonal antibodies such as ipilimumab and tremelimumab releases CD28, which binds to B7 ligands to produce a stimulatory signal.
PD-1 is a transmembrane protein expressed on T cells, B cells and Natural Killer (NK) cells. Interaction with its ligands, Programmed Cell Death Ligand-1 and 2 (PD-L1 and PD-L2) promotes T cell exhaustion and directly prevents apoptosis of tumour cells (5) . PD-L1 is expressed in a variety of tissues, including tumours; overexpression of PD-L1 by tumour cells activates the PD-1 pathway binding to the PD-1 receptor. Subsequently, the PD-1 pathway blocks the immune response by downregulating T cell effector functions (6) . Antibodies against PD-1, such as pembrolizumab and nivolumab, and PD-L1, such as durvalumab, block immune checkpoints from binding to their ligands, release the brakes and unleash T cells.
Immune checkpoint inhibitors, such as anti-CTLA-4 and anti-PD-1 antibodies have changed the landscape
Forum of Clinical Oncology
Overview and management of toxicities of immune checkpoint-blocking drugs Panagiota Economopoulou*, Amanda Psyrri
Immunotherapy is considered to be the most important breakthrough in cancer management in the past few years. This success was based on the scientific understanding of immune mechanisms due to improvement in preclinical science and the introduction of new methods of investigation. Immune checkpoint inhibitors (ICIs) are among the most promising drugs in the field of immune-oncology; they represent monoclonal antibodies that modulate the effects of immune checkpoints, such as cytotoxic T lymphocyte Antigen 4 (CTLA-4) and Programmed Cell Death protein 1 (PD-1), which are co-inhibitory signals responsible for immune suppression. Despite clinical benefits, ICIs are immune activating agents that are associated with a number of important side effects (immune-related adverse events-irAEs), attributed to organ-specific inflammation. Herein, we review the toxicities of ICIs, highlighting the importance of early identification and management.
of advanced cancer treatment during the past few years. Despite important clinical benefits, they are associated with a wide spectrum of side effects termed immune-related adverse events (irAEs) that occur as a consequence of general immunological stimulation due to loss of T cell inhibition. These toxicities remain generally unknown to the broad oncology community and although they are generally manageable, severe irAEs can be life-threatening if not appropriately managed. This review focuses on the description and management approach of irAEs associated with immune checkpoint inhibitors, with the view to alert the oncologist to their early identification and treatment.
Clinical development of immune checkpoint inhibitors
Ipilimumab is an anti-CTLA-4 monoclonal antibody that has been approved at a dose of 3 mg/kg for previously treated or chemo-naïve metastatic melanoma. It has been associated with a substantial survival advantage over cytotoxic chemotherapy in both pre-treated and treatment-naïve melanoma patients (7) (8) . In metastatic melanoma, combination immunotherapy with ipilimumab and anti-PD-1 monoclonal antibody nivolumab has demonstrated higher response rate and longer time to progression than either agent alone (9) . In addition, ipilimumab improves recurrence-free survival in patients with resected stage III melanoma (10) . On the other hand, ipilimumab has shown clinical activity in docetaxel-pretreated patients with prostate cancer who have received radiotherapy (11) . Nivolumab is a fully human IgG4 monoclonal antibody against PD-1. It has been approved as monotherapy or in combination with ipilimumab in the treatment of metastatic melanoma (9, 12) . In addition, two phase III studies have shown superior overall survival with nivolumab compared to chemotherapy in patients with previously treated squamous and nonsquamous non-small cell lung cancer (NSCLC) (13) (14) . Nivolumab has received FDA approval for both squamous and nonsquamous NSCLC. A phase III trial comparing nivolumab with chemotherapy in treatmentnaive NSCLC patients is ongoing (NCT02041533). On the other hand, nivolumab has shown important clinical activity in renal cell carcinoma (RCC). Based on a phase III study that demonstrated increased response rates, progression-free survival (PFS) and overall survival (OS) compared to everolimus in patients with previously treated RCC, it has been approved as a second line therapy by the FDA (15) . Most recently, Checkmate-141 study has shown improvement in OS in patients with platinum refractory recurrent or metastatic squamous cell carcinoma of the head and neck (HNSCC) who were treated with nivolumab versus investigator's choice of therapy. Based on that study, FDA has granted a breakthrough therapy designation to nivolumab for the treatment of platinum refractory advanced HNSCC. Finally, nivolumab has been shown to be effective in hematological malignancies (16) .
Pembrolizumab is a humanised monoclonal IgG4 anti-PD-1 antibody consisting of a high-affinity mouse anti-PD-1-derived variable region attached to a human IgG4 immunoglobulin molecule with an engineered Fc region for stabilisation (17) . It has been found to be superior to ipilimumab in metastatic melanoma in the first line setting (18) . Furthermore, it has been FDA approved as a second line therapy in patients with previously treated NSCLC and expression of PD-L1 (19) . Pembrolizumab is currently being investigated in multiple clinical trials in a variety of malignancies, such as HNSCC and urothelial carcinoma and colorectal cancer with mismatch repair deficiency.
Atezolizumab is a monoclonal antibody against PD-L1. In 2016, FDA has granted priority review to Atezolizumab for the treatment of a) platinum refractory locally advanced or metastatic bladder cancer based on the phase II IMVigor 210 study, which showed a 15-25% response rate (ORR) in this setting and b) previously treated, PD-L1 expressing locally advanced or metastatic NSCLC, based on the Birch phase II study that demonstrated a 27% ORR. Tremelimumab is an anti-CTLA-4 antibody that has shown some activity in malignant mesothelioma, but failed to increase survival rates in the second/third line setting in the phase II DETERMINE trial. It is currently being investigated in a large number of clinical trials as monotherapy or in combination with anti-PD-L1 antibody durvalumab in multiple malignancies, such as HNSCC, gastric, breast, lung, renal cell and colorectal cancer.
General approach to toxicity management
Enhanced immune response driven by T-cell activation results in many autoimmunity-related side effects due to inflammation of normal tissues. Ipilimumab has a more severe toxicity profile, with grade 3/4 toxicities occurring in 5-22% of patients in clinical trials (7, (20) (21) . The most common side effects reported in patients receiving ipilimumab are dermatological (rash, pruritus) or gastrointestinal (diarrhoea, colitis). It is important to underline that the toxicity of ipilimumab is dosedependent; frequency of adverse effects (AEs) increases at a 10 mg/kg dose (e.g. adjuvant setting in melanoma). Anti-PD-1 therapies are generally less toxic, with great 3/4 events reported in approximately 5-11% of patients treated with nivolumab and 8-14% of patients treated with pembrolizumab (12, (22) (23) (24) . Toxicity of nivolumab is not dose-dependent; on the other hand, the reported grade 3 to 4 AEs of the PD-1 antibody pembrolizumab seem to be somewhat higher at a dose of 10 mg/kg every 2 weeks than 2mg/kg (the FDA-approved dose) or 10mg/kg every 3weeks (23) . The most common AEs seen in patients receiving anti-PD-1 inhibitors are fatigue, rash, pruritus, diarrhoea, nausea, decreased appetite and arthralgia. (24) (25) .
The clinical team should conduct a thorough assessment of immune-mediated symptoms. Furthermore, education of patients and caregivers on the importance of detecting as well as prompt reporting of symptoms is crucial for timely recognition and appropriate management of irAEs. Education includes discussion of key points about immune-mediated AEs and importance of early medical intervention, as well as confirmation of patient's ability to verbalise important symptoms. It should be emphasised that symptoms may be intermittent and can occur weeks to months after treatment is completed. Consultation from other specialties might be also needed. General guidelines for the management of irAEs caused by ipilimumab are described in the FDA Risk Evaluation and Management Strategies (www.hcp.yervoy.com/pdf/rems-mangementguide.pdf). Although the side effects of anti-PD-1 monoclonal antibodies appear to be less severe than with those of ipilimumab, a similar approach is expected to apply to other immune checkpoint inhibitors.
In general, treatment of moderate or severe irAEs requires interruption of the drug and initiation of corticosteroids. For patients with grade 2 (moderate) immune-mediated toxicities, treatment with the checkpoint inhibitor should be withheld and should not be resumed until toxicity is grade 1 or less. If symptoms do not resolve within a week, corticosteroids (prednisone 0.5 mg/kg/day or equivalent) should be started. On the other hand, for patients experiencing grade 3 or 4 (severe or life-threatening) irAEs, the drug should be permanently discontinued. High doses of corticosteroids (prednisone 1 to 2 mg/kg/day or equivalent) should be administered. When symptoms subside to grade 1 or less, steroids should be gradually tapered over at least one month. If symptoms do not recover, administration of infliximab (for gastrointestinal toxicity) or mycophenolate (in the case of hepatotoxicity) should be considered (20) . In the majority of cases, toxicity of ipilimumab occurs early during the course of treatment, while pembrolizumab has a median onset of moderate to severe toxicity of approximately 9 weeks (26). Late-onset AEs might also develop (27) .
Immune checkpoint side effects and management

Diarrhoea and enterocolitis
Diarrhoea is a common clinical complaint in patients treated with immune checkpoint inhibitors. Diarrhoea is clinically distinct from colitis, a definition that incorporates abdominal pain and endoscopic or radiographic findings of colonic inflammation. Diarrhoea and colitis most commonly occur within 6 weeks of treatment with ipilimumab and nivolumab and as late as 6 months after treatment with pembrolizumab (28) (29) . Both conditions should be differentially diagnosed from diarrhoea caused by Clostiridium difficile and other pathogens.
In a phase III melanoma trial, diarrhoea of any grade was reported in 30% of patients treated with ipilumumab; however, grade 3/4 diarrhoea was observed in 10% of cases, defined as ≥7 stools above baseline, fever, ileus or peritoneal signs (7) . Similarly to other ipilimumab toxicities, diarrhoea is dose-dependent (10% at a 10 mg/kg dose vs. 1% at a 3 mg/kg dose) (30) . On the other hand, colitis appears to be less common, with an incidence of approximately5% in phase III trials (7) . In those cases, endoscopic findings reveal mucosal edema with biopsies demonstrating neutrophilic, lymphocytic or mixed neutrophilic-lymphocytic infiltrates (31) . CT scan findings associated with colitis caused by IPIs include mesenteric engorgement and bowel wall thickening (32) . Diarrhoea/colitis appears to be less frequent with PD-1 blockade than with CTLA-4 blockade, with grade 3/4 immune-mediated colitis seen in about 1 to 2% of cases (12, 24, 33) . Interestingly, patients who developed significant diarrhoea and colitis during CTLA-4 blockade have subsequently been treated with PD-1 antibodies without experiencing diarrhoea or colitis (34) .
Maintenance of oral hydration is very important in patients treated with IPIs who develop diarrhoea. In patients with fewer than four stools per day over baseline (mild diarrhoea), administration of IPIs should be continued without initiation of corticosteroids. Specific diet and anti-motility agents, such as loperamide, can be helpful. Colonoscopy should be reserved for patients with ≥ grade 2 diarrhoea or in cases where diagnosis is unclear. If severe or life-threatening enterocolitis (grade 3/4, increase of seven or more stools per day over baseline or other complications) develops, ipilimumab should be permanently discontinued and high dose IV corticosteroids (prednisone 1-2 mg/kg or equivalent) should be initiated (35) (36) . If symptoms do not resolve in three days, anti-TNF antibody infliximab at a dose of 5 mg/kg once every two weeks is recommended (37) . In infliximab-refractory cases, mycophenylate mofetil can be used. In rare cases, colitis can result in perforation, requiring colostomy.
Dermatological toxicity
Dermatological toxicity is the most common and the earliest developed irAE, typically occurring within 3-4 weeks from treatment initiation (38) . Delayed onset has been also reported (39) . Clinical manifestations include maculopapular rash, pruritus and vitiligo. Approximately half of patients treated with ipilimumab will experience rash or pruritus; rashes are often mild in severity and present after the first or second dose (35) . Rare cases of Steven-Johnson syndrome have been reported (7, 28) . Combination immunotherapy was associated with the highest rate of severe skin toxicity (2.9%) (9) . Dermatological toxicity is observed in approximately 30-40% of patients treated with anti-PD-1 therapies (40). Interestingly, skin toxicity mainly develops in patients with melanoma. For example, vitiligo has been reported in approximately 10% of patients with melanoma (9, 12), but has not been described in lung or renal cell studies (13, 15) . Vitiligo has also been shown to be a predictive factor for durable response (41) . Biopsy of rash usually reveals perivascular lymphocytic infiltrates extending deep into the dermis (42) .
Grade 1 dermatological toxicity, defined by the Common Terminology Criteria for Adverse Events (CTCAE) as macular or papular eruption or erythema not associated with symptoms, is treated with topical corticosteroid ointments and does not require drug interruption. For patients with rash associated with pruritus or other symptoms and localised desquamation or other lesions covering <50% of total body surface area (grade 2 toxicity), management is initially based on topical corticosteroids fro symptomatic relief; however, in contrast to grade 1 toxicity, ICIs should be interrupted and systematic prednisolone at a dose of 0.5 mg/kg should be administered if symptoms do not recover within a week (20, 28) . Grade 3/4 dermatological toxicity, defined as generalised rash with desquamation >50% of total body surface area and bullous dermatitis, might require hospitalisation and dermatological consultation for skin biopsy. ICIs should be permanently discontinued and intravenous administration of high dose corticosteroids (1-2 mg/kg) is the standard of care. Steroids should be tapered over one month following resolution of AE to grade 1 (20, 28) .
Hepatotoxicity
Hepatotoxicity is commonly manifested as asymptomatic elevation of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) and is expected to occur within 8-12 weeks after initiation of treatment. Raise of total bilirubin is a rare consequence of prolonged periods of elevated hepatic enzymes (20) . Hepatotoxicity has been observed with both anti-CTLA-4 and anti-PD-1 inhibitors. In the pivotal phase III trial of ipilimumab in advanced melanoma, grade 2 hepatotoxicity was reported in 2.5% of patients and the incidence of 3-5 grade events was as high as 2% (7). In the large phase I studies of PD-1 blocking agents, grade 1/2 liver dysfunction was reported in approximately 5% of patients and grade 3-5 events were rare (1%) (24) . The incidence of hepatotoxicity is higher with the combination of ipilimumab and nivolumab, with grade 3/4 events reaching 20% (9) .
Hepatic function should be monitored prior to each dose of ipilimumab, nivolumab and pembrolizumab. Initial approach in the management of hepatotoxicity includes differential diagnosis from other causes of liver injury, such as medication, alcohol and viral hepatitis. Imaging studies should be performed to rule out metastatic disease. In the case of immune-related hepatitis, CT scan can show hepatomegaly and periportal edema (43) .
If no other cause is identified, treatment with systemic corticosteroids should not be delayed (28) . As immune-related hepatitis may persist, a minimum of three weeks' treatment with subsequent tapering of the dose is required. For grade 2 hepatotoxicity, defined as AST or ALT values, 2.5-5 times the upper limit of normal (ULN) and total bilirubin value 1.5-3 UPN, treatment with ICIs should be withheld. Steroid therapy should continue until toxicity resolves to grade 0 or 1. For grade 3/4 immune related hepatitis (AST/ALT values > 5 times the UPN and/or total bilirubin >3 times UPN) the drug should be permanently discontinued and liver biopsy might be considered. Hospitalisation is required if liver enzyme levels are >8 times UPN. In rare cases of corticosteroid refractory hepatitis, mecophenolate mofetil (500 mg every 12 hours) should be given (20, 28) . Of note, infliximab should not be administered, since it carries a risk of hepatotoxicity.
Endocrinopathies
Endocrine toxicity occurs as a result of inflammation of the pituitary gland, thyroid and adrenal glands following therapy with ICIs. It presents with non-specific symptoms, such as headache, fatigue and nausea. Median onset is approximately 7 weeks for ipilimumab and 10 weeks for nivolumab (20, 26) . Clinically significant endocrinopathies typically occur in less than 5% of patients treated with ipilimumab; for anti-PD-1 therapies, grade 3/4 events are rarer (approximately 1%) (44) (45) .
Pituitary dysfunction (hypophysitis) has been associated with ICI treatment in patients with various malignancies. Large differences (0-25%) in the incidence of ipililimumab-induced hypophysitis have been reported among different trials (46) . In the landmark phase III trial of ipilimumab, severe hypophysitis has been reported in 1.8 % of patients (7). Tremelimumab has been much less frequently related to hypophysitis (0.5-4%) (47) ; similarly, hypophysitis is a rare event in patients treated with anti-PD-1 antibodies (18, 33) . Median time to onset is approximately 2-4 months within initiation of treatment (48), although delayed presentations might also occur (49) .
Hypophysitis presents with non-specific symptoms, such as headache and fatigue. Diagnosis is based on low levels of hormones produced by the pituitary [adrenocorticotropic hormone (ACTH), follicle stimulating hormone (FSH), thyroid-stimulating hormone (TSH), luteinizing hormone (LH) and growth hormone (GH)]; differential diagnosis includes primary hypothyroidism (low thyroxine, high TSH) and primary adrenal insufficiency (low cortisol). Imaging typically reveals enhancement or swelling of the pituitary gland (50) . For >grade 2 toxicity, treatment with ICI should be interrupted and high-dose corticosteroids should be initiated (prednisone 1 mg/kg daily). Permanent discontinuation of the drug is recommended in grade 3/4 toxicity. Endocrinology consultation and long-term supplementation of affected hormones due to secondary hypothyroidism and hypoadrenalism is necessary (28) .
Autoimmune thyroid disease can be manifested either as primary hypothyroidism due to destructive thyroiditis or as hyperthyroidism as a result of Grave's disease (28) . Hypothyroidism is more common with anti-PD-1 therapies than with ipilimumab 3mg /kg (9, 18, 33), although a higher incidence can be seen with ipilimumab at an increased dose (10 mg/kg) (10) . Hypothyroidism is usually subclinical; hormone replace therapy with levothyroxine can be initiated and ICI treatment can be continued without interruption. If concurrent hypophysitis is suspected (low TSH, low T4), treatment should not be solely based on TSH measurement and free thryxoxine and T3 levels should also be taken into account (44) . On the other hand, hyperthyroidism is less common and might be a result of transient thyroiditis preceding hypothyroidism or TSH-receptor antibodies and Grave's disease (26) . Persistent hyperthyroidism should be treated as primary hyperthyroidism.
In clinical trials with ICIs, primary adrenal insufficiency has been reported in 1.5-2% of patients (44) . It should be distinguished from hypophysitis based on measurement of ACT levels. Acute adrenal insufficiency (adrenal crisis) constitutes an emergency manifested as dehydration, hypotension, hyperkalemia and hyponatremia. Patients suspected to have adrenal crisis should be immediately admitted to the hospital ward with prompt initiation of IV corticosteroids (20) . Endocrinology consultation is also warranted.
Other endocrinopathies include type I diabetes mellitus, which can occur with both anti-CTLA-4 and anti-PD-1 blockade at a rate of approximately <1% (44) . Incidence is doubled with the use of combined ipilimumab and nivolumab (9) . Insulin treatment is recommended. Finally, cases of low testosterone have been reported in patients treated with ipilimumab (49).
Immune-mediated pneumonitis
Pneumonitis is an uncommon side effect of patients treated with ICIs and can occur with both anti-CTLA-4 and anti-PD-1 blockade. Ipilimumab-induced pneumonitis has been reported in up to 5% of patients treated with ipilimumab monotherapy (12, 33) ; combination of nivolumab and ipilimumab results in pneumonitis at a higher incidence (5-10%, with 2% grade 3-4) (9). Pneumonitis can occur in 2-5 % of patients treated with nivolumab, more commonly in patients with renal cell and lung cancer than in patients with melanoma (14, 19, 33) . Implicated mechanisms are still undetermined, although it is hypothesised that dysregylated effector T cells are accumulated in pulmonary interstitium, leading to increased inflammatory response (51) . In any patient presenting with symptoms of upper respiratory infection, cough or shortness of breath, pneumonitis should be ruled out with appropriate imaging. Bronchoscopy is also recommended to exclude infectious diseases before the initiation of immunosuppression. For grade 2 pneumonitis, ICI treatment should be interrupted and IV corticosteroids should be started at a dose of 1 mg/ kg daily. For more severe cases, management includes hospitalisation, high-dose corticosteroids (2-4 mg/kg/day) and permanent discontinuation of ICI treatment (35) .
Renal injury
Renal insufficiency has been reported with both anti-CTLA-4 and anti-PD-1 blockade, at a relatively low incidence (0-4%) (26) . The highest incidence reported was in the phase II trial with nivolumab in NSCLC (52) . Histopathological findings of CTLA-4-induced nephrotoxicity include acute granulomatous interstitial nephritis and lupus membranous nephropathy (53) (54) . Treatment with oral or intravenous corticosteroids has been associated with improvement in renal function (55) .
Other immune-related AEs
Treatment with ipilimumab can result in ocular toxicity, such as episcleretis, conjunctivitis and uveitis at an incidence of 1%. Associated symptoms include photophobia, pain and eye dryness (56) . Ophthalmology consultation is warranted. A number of neurological toxicities have been also reported with ipilimumab, such as Guillain-Barre syndrome (57) . In addition, asymptomatic laboratory elevation of amylase and lipase that does not fulfil the criteria of acute pancreatitis is a common finding, and its clinical significance is unknown (7, 12) . Red cell aplasia, neutropenia, thrombocytopenia, and acquired hemophilia A have been described in patients treated with ipilimumab (58-59).
Discussion and future directions
Treatment with ICIs has dramatically changed the landscape of advanced cancer treatment in the past few years, albeit at the expense of immune-related side effects. Ir-AEs are usually manageable and reversible with early recognition and specialised management; however, they can result in severe consequences in certain cases. Due to their unique mechanism of action, toxicities caused by ICIs are different from those exerted by conventional chemotherapy. Therefore, physicians might encounter toxicities that they are not familiar with. It is important to note that onset of irAEs may be insidious. Careful education and awareness of the clinical team is crucial for early initiation of appropriate immunosuppressive treatment.
Ipilimumab is relatively toxic; on the contrary, newer anti-PD-1 immunotherapies are more tolerable (grade 3/4 AEs 20-30% versus 10-15%). As expected, the combination of ipilimumab and nivolumab that has been approved for the treatment of advanced melanoma has yielded the highest incidence of irAEs (grade 3/4 AEs 55%) (9) . ICIs differ in the frequency of AEs and this might guide appropriate selection of patients based on toxicity profile. Autoimmune thyroid dysfunction, rash and vitiligo are more common with nivolumab and pembrolizumab, whereas diarrhoea and hypophysitis occur more commonly in patients treated with ipilimumab (8, 12, 18, 23) .
Some interesting points are worth mentioning. First, ipilimumab irAEs are dose-dependent. In the adjuvant melanoma trial, where ipilimumab was administered at a dose of 10 mg/kg, grade 3/4 irAEs occurred in approximately 40% of patients, compared to 20-27% of grade 3/4 events with ipilimumab at a dose of 3 mg/kg (10) . On the contrary, toxicities of anti-PD-1 antibodies are not dose-dependent. Second, several ir-AEs are more common in certain tumour types. For example, pulmonary toxicity is more common in lung cancer, possibly related to an underlying inflammation due to smoking (51) . In addition, skin toxicity occurs more frequently in melanoma patients.
Development of irAEs has been associated with improved outcomes in some retrospective studies. A study involving patients treated with ipilimumab found that highest response rates were seen in patients with grade 3-4 toxicities (60). Use of steroids does not appear to have a detrimental effect on the clinical course of the disease. In a recent study, patients treated with nivolumab who experienced any AE had a better response, although outcomes were worse in patients with grade 3/4 toxicity (61).
The introduction of anti-CTLA-4 and anti-PD-1 immunotherapies has improved survival in patients with melanoma, lung and renal cell cancer. A large number of ongoing trials are evaluating ICIs in a variety of malignancies. As treatment with ICIs gradually becomes a necessity, it is imperative that the clinical team and physicians are educated and familiar with irAEs and their management.
